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Abstract
Cationic surfactants are being used in many applications in industrial manufacture and medical
technologies. Pyridinium salts come under the category of cationic surfactants. Surfactants have two
distinct regions in their chemical structure, one of which is water-linking or hydrophilic and the other of
which water-avoiding or hydrophobic. These molecules are referred to as amphiphilic or amiphipathic
molecules or simply as surfactants or surface active agents. Depending on their charge the
characteristics of the surface-active molecules may be anionic, cationic, zwitterionic (ampholytic) or
non-ionic. These surfactants are used less for their wetting abilities than for their pronounced germicidal
properties and their ability to adsorb on the surface of skin, hair, and fabrics. The cationic surfactants
represent a broad family of commercial compounds whose position has been raised from specialty
chemicals to bulk industrial chemicals, which are being used as antistatic agents, corrosion inhibitors,
textile softeners, foam depressants, flotation chemicals, asphalt, and petroleum additives. These kind of
cationic surfactants are a class of compounds having at least one hydrophobic group attached directly or
indirectly to a positively charged nitrogen atom. Surfactants can be unsaturated heterocyclic compounds
having different functional group present either on pyridine ring or at nitrogen atom.
This research focuses on the design and synthesis of new amphiphilic molecules having a
lipid hydrophobic chain and a hydrophilic head and an ability to bind transition metals via directional
coordination bonds. The ability for surfactants to bind metals confer many self-assembly properties to
these materials. For example, in Chapter 2, we demonstrate that Silver (I) ions direct the self-assembly
of the new surfactants into single-molecule nanoscale micelles. In addition, in Chapter 3, we
demonstrate a novel methodology towards 4-aminopyridinum surfactants, these are quaternary
pyridinium compounds characterized by the fact that contain a hydrophobic part and are linked to the
charged head group.
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Chapter 1: Introduction
In the last two decades the scientific community did not imagine the impact of their research in the
future of chemistry. The theoretical principles of the design of synthetic molecules with self-organized
behavior are one of the fastest growing areas of research today1 Scientific Pioneers that applied this
approach of using non-covalent interactions as the synthetic vectors to direct abiological supramolecular
complexity were Donald Cram, Jean-Marie Lehn, and Peter J. Stang featuringmany elegant examples of
self-organize.2 Recent molecules are encoded with well-defined metal-ligand coordination interactions
in which the components interact with each other in face-directed3 or edge-directed4 with symmetric
complementarity could be able to generate triangular5, quadrangular6 supramolecular systems, as well as
molecular boxes7 , Archimidean polyhedra8 , tetrahedrons9, and prisms10. As a result, the molecules that
encoded with π-π stacking11 interaction and well-defined hydrogenbonding12,

13, 14, 15

generate a

predictable supramolecular materials in the solid state.

The self-assembly of the building units with a metal center will be predominantly dictated by the
coordination bond, while in purely organic systems, intermolecular forces (e.g., hydrogen bond) will
predominate.16 An intermolecular guide to self-organization of molecules that is based on alkane
interdigitation is called “attractor”, which is driven primarily by the hydrophobic effect or the dielectric
affinity of the molecular components. The organization is able to generate materials with mesogenic
properties, such as liquid crystalline behavior.17

In In particular, among these materials the combination between metal coordination and alkanedirecting interactions as the attractor vectors that guide molecular self-assembly. In this case alkane-rich
molecules ligated to transition metal ions form metallo-lipid complexes that exhibit extraordinary selfassembly properties that are guide by a coordination and alkane interdigination interactions. Such
1

materials are able to form liquid crystals in the ionic melt state and hence, they have been called
metallomesogens, where in 1996 were the subject of a book and established as a unique class of liquid
crystals.18

1.1

Surfactants
The Surfactant research is become a rapidly developing field to their booming applications in

many important fundamental and practical sciences like petroleum oil recovery, corrosion inhibition,
environmental and water pollutions, understanding the mysterious role of biological membranes,
biotechnology, and others systems.

The interesting behavior of surfactants in solution were an

interesting subject and considerable because of its wide applications, in different industries, life
sciences, analytical chemistry, medical sciences, pollution control and even in the fields of engineering
and physics.

These are the reason because research on surfactant behavior is completely

multidisciplinary in nature.
Surfactants first became important until the commercial potential of their bacteriostatic
properties was recognized by Dogmark in 1935.19 Now day’s surfactants has an active agent with
antibacterial properties continue an important role to play as sanitizing agents, and is useful for cosmetic
formulations components and as fungicides and germicides.
However, it has been widely widely accepted that they are effective at reducing microfibril static
and interfiber friction. They used less for their wetting abilities than for their pronounced germicidal
properties and their ability to adsorb on the surface of hair, skin and fabrics. These cationic surfactants
represent a broad family of commercial compounds whose position has been raised from specialty
chemicals to bulk industrial chemicals, which could being used as corrosion inhibitors, softeners,
antistatic agents, foam depressants, flotation chemicals, petroleum additives and asphalt.
In deep description of surfactants are usually amphiphilic organic compound, meaning they
contain both hydrophobic groups (“tails”) and hydrophilic groups (“heads”).20 Therefore, they are
soluble in both organic solvents and water. The studies of chemical reactivity of interfaces occupy an

2

important place in chemical sciences.21 The domain of surfactant science is perhaps one of the most
interdisciplinary areas of modern science.

Within the last decades, several advances in the

understanding of surfactants phenomenon have taken place.

Although, the surfactant sciences

importance has been recognized for more than a century. There is a class of compounds called surfaceactive compound (surfactants)22 which decreases prominently the interfacial tension or interfacial free
energy.23

Amphiphiles can be ionic (anionic and cationic), zwitterionic, or nonionic depending on the
nature of their head groups.

Each surfactant have a tendency to accumulate at the interface of

immiscible fluids with a marked influence resulting in decrease in free energy which is reflected in a
corresponding lowering of interfacial tension that facilitates emulsification of the immiscible fluids and
hence such compounds are also called as emulsifiers.24

Figure 1.1: Diagram of Surfactant molecule
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1.1.1

Classification of surfactants
The classification of surfactants depend on the charge of head groups and are classified as:

1.1.1.1 Anionics
The anion is the surface-active species. Anionics are used commonly than other surfactant class.
A most important reason for their popularity is because the easier way to produce it and the low cost of
manufacture. These surfactants are mainly used in detergent formulations and alkyl and alkylarye
chains in the C12-C18 range obtaining the best detergency. The counterionsthat are more frequently used
are potassium, sodium, calcium, ammonium and various protonated alkyl amines.

They include

alkylbenzene sulfonates (detergents), (fatty acid) soaps, lauryl sulfate (foaming agent), di-alkyl
sulfosuccinate (wetting agent), lignosulfonates.

For example potassium and sodium impart water

solubility, whereas magnesium and calcium promote oil solubility. In the case of amine/alkanol amine
gives both oil and water solubility. The largest singly type of surfactant is still soap. Sodium dodecyl
sulfate (SDS) is by far the most important surfactant within this type.

1.1.1.2 Nonionic
In these surfactants they do not have any surface charge, but they have either a polyether or a
polyhydroxyl unit as the non-polar group. With the non-ionic surfactants, the polar group is a polyether
consisting of oxyethylene unites and are prepared by the polymerization of ethylene oxide, the most
common number of oxyethylene unites in the polar chain is five to ten. The water - soluble moiety of
this type can contain hydroxyl groups or a polyoxyethylene chain.

4

1.1.1.3 Cationic

With these surfactants, the cation is the surface-active species, are dissociated in water into an
amphiphilic cation and an anion, most often of the halogen type. The quaternary ammonium salts are
the main compound in this class of surfactants. Several cationic surfactants are based on the nitrogen
atom carrying the cationic charge. In the case of the amines the only function as a surfactants is the
protonated state; therefore, they cannot be used as high pH, meanwhile, quaternary ammonium
compounds are not pH sensitive.

1.1.1.4 Zwitterionic

The specific characteristic of these surfactants surfactants is that they have two charged groups
of different size. The positive charge is almost availably ammonium; the source of the negative charge
may vary, even though the carboxylate is the most common. Zwitterionic surfactants are referred as
“amphoterics”, because one change from net cationic to net anionic via zwitterionics; from low to high
pH.

5

Figure 1.2: Common Surfactants

6

1.2

Micellar Structure and Properties
In a protic solvent such as water, micelles are formed by the aggregation of the surfactants in

their aqueous solution.25 Amphiphilic surfactant monomers assemble to form micelle is such a way that
their hydrocarbons tails huddle in the core of the micelle, and the polar head group project outward into
the polar bulk solution at the micelle-water interfaces such that the hydrophobic tails are shielded from
water. The structure of a Micelle is often drawn as static structure of spherical aggregates of oriented
surfactant molecules.26 In other words, micelles are in a dynamic equilibrium with surfactant monomers
in the bulk, which are frequently being exchanged with the surfactant molecule into the micelle.27

Figure 1.3: Illustration of the Monomer-micelle thermodynamic equilibrium
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An important property of the micelles themselves have constantly disintegrating and reforming.
Their surface layer resembles a concentrated electrolyte solution with a dielectric constant lower than
that of the bulk of water. Furthermore, the micellar phase is less polar than water and the ionic micelles
have their polarity near to pure ethanol even at the stern layer.28 After the varieties of their properties
like the aggregation and the number of monomers in a micelle, could affect the size and geometry of the
micelle.29 Among cationic surfactants several differences in their molecular structure are known. In this
case, consisting of a single-chain, single-headgroup e.g. cetyltimethylammonium bromide (CTAB) or
cetylpyridinium bromide (CPB) are known.30 Micelles can be used in applications such as drug-delivery
systems31 or as templates for the synthesis of inorganic nanoparticles.32

The recent interest in designing novel functional materials with more challenging requirements
such as improved charge transport, chirality, luminescence, and biological function for high-tech
applications has been directed towards the use of new metallomesogenes systems.33,

34, 35, 36

The

designing principles are based on the symmetry and the shape of the mesogenic molecules is giving
away to alternative concepts for achieving new molecular and supramolecular motifs that are able to
give rise to dynamic functional properties and unusual topologies and families of mesophases.

The development of self-organizing super and supramolecules able to generate complex
hierarchical structures through specific inter- or intramolecular interactions.37,

38, 39, 40, 41,42

Nowdays,

scientist place a particular focus on the design and synthesis of alkane-riche metal complexes along with
a general discussion of their self-organized properties, which in some cases go beyond liquid crystalline
behavior and are able to form Langmuir-Blodgett films on surfaces, ordered lyotropic phases such as
micelles and liposomes in water and reverse micelles in organic media. The innovation of the molecular
architecture of metallomesogens alkane containing ligand that are organized into (mono-, di-, tri-, tetra-,
and poly-dentate order).

8

1.3 Principles of Designing
When long-alkanes groups are incorporated on metal complexes has been achieved via two
routes: (1) using coulombic interactions between ionic metal complexes and ionic surfactants with
opposite charge, and (2) by covalent bonding of the alkane groups at the periphery of Lewis bases
(ligands) with subsequent metal complexation.

Figure 1.4: Incorporating alkane groups on metal complexes: (A) covalent attachment of an alkane
group at the ligand, and (B) ionic coupling between surfactants and metal complexes.

9

The recent reported systems have used the former approach (covalent attachement); however, the
latest approach (ionic association), it has been scarcely used; the reason is because has yielded some
fantastic materials with amazing potential for a future work.43

The most significant variables during the molecular design are: (1) the oxidation state of the
metal ions, (2) the ratio between the number of hydrocarbons and metal ions, (3) the nuclearity (number
of metal ions) of the final complex, (4) hydrocarbons branching degree, (5) changes in the length of the
hydrocarbon groups C6Hy, where X>6, (6) hydrocarbon position around the metal centers, and (7)
hydrocarbon saturation.

These factors contain a significantly influence for the self-organization

properties of the final products. The metal-binding ligands may vary in terms of donor types (C, N, O,
and S) and the number of donor groups per molecule (monodentate, bidentate, tridentate, tetradentate,
and polydentate). The metals are typically transition metal ions with distinct oxidation states and
coordination geometry, useful for the formation of discrete mononuclear or multinuclear systems. The
enormous progress designing possibilities of the metallomesogens are at dawn of their potential and they
represent on the mos promising and fertile areas in metal-organic functional materials.

1.4 Monodentate Systems
1.4.1

N-donor

Alkane-rich ligands with a single N-pyridil donor group forming a monodentate were originally
prepared by Bruce and coworkers.44 Using an an (alkyloxy) stilbazole core from which several
derivatives with additional alkane-substitutions at the 3rd and 4th position on the benzyl group have been
prepared (1).45,

46

The alkane groups were varied in length with CnHn+1 (n= 1 – 12) and the ligands

contain one or two alkane substitutions. The synthesis for these derivatives is shown in Fig 1.5.

10

Figure 1.5: Synthesis and structure of a Monodentate System

11

The Silver of (alkyloxy) stilbazole derivatives have been prepared. The complexes were formed
in aprotic polar solvents such as acetone and the triflate or tetrafluorborane salts of silver (I) were used
as the metal source. This reaction is going to give the cationic bis (alkyloxy) stilbazole silver (I)
complexes (2).

Figure 1.6: Structure of a cationic bis (alkyloxy) stilbazole Silver (I) Complex.
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1.4.2

O-donor
Alkane-rich with single O-carboxylate donor group (alkaneoates) forming a monodentate that

have been used to make a wide variety of metal complexes with self-organized properties.
A different type of alkaneoates metal complex was achieved with the Ag(I) complexes. These
complexes were prepared using the metathesis reaction of the corresponding sodium salt of the ligand
and the nitrate salt of Ag (I) in absolute ethanol.47 Alkane length variations were introduced into the
molecular structure and the complexes are able to self-organize into classical smectic supramolecular
phaases, except with unusual one-dimensional Ag (I) coordination networks.

Figure 1.7: Structure of Alkaneoates Metal Complex

13

1.5 Bidentate Systems
1.5.1

N,N-donor
These systems contain an alkane-rich ligands with two N-donor groups comprise a wide variety

of ligand systems. One of the most recent is a ligand developed by Gimenez and co-workers, which
ligand is based on the bis(pyrazolyl)methane derivatives.48

14

Chapter 2: Synthesis and Characterization of a Surfactant with a Lipid

The synthesis of a cationic lipid Coordination Network and Nitrogen Bridging ligands in current
years are used to form metal-organic frameworks (MOFs) and coordination networks have attracted
significant attention due to their potential applications in emerging technologies.

Metal-directed

coordination networks have been reported with one, two, and three dimensional interactions that extend
to the size of single-crystals, frequently in the millimeter scale.

The magnitude from structural supramolecular chemistry perspectives has the result of many
years of design and discovery of new structural types additionally providing quite a lot of examples of
structural phenomena such as interpretation (polythreading, polycatenation, and polyknotting) of
coordination networks.

The simple nature of multifunctional ligands, the coordination requirements of the metal-ligand
ratio, counter-ion, and the metal ion, are all extremely influential on the resulting coordination sphere of
the metal.

In addition coordination polymers with dypiridyl ligands have been used to form

macromolecules with tunable properties.

2.1

Ligand Design and Characterization of N-Octadecyl-N-Pyridin-4-yl-Isonicotinamide.

2.1.1

Material
Isonicotinic Acid, thyonil chloride, 4-aminopyridine, 1-bromoactadecane, and the solvents used

were purchased from Sigma Aldrich.

15

2.1.2

Synthesis of Isonicotinic Chloride

The Isonicotinic Chloride was prepared by adding 1 equivalent of Isonicotinic Acid and Thyonil
Chloride were mixed in a round bottom flask, the mixture was left in reflux for 2 hours and 30 mins. The
excess of thyonil solution is removed with a vacuum distillation.

Scheme 1. Synthesis of Isonicotinic Chloride

16

2.1.3

Synthesis of Octadecyl-pyridin-4-yl-amine.

An equivalent of 4-Aminopyridine and an equivalent of 1-Bromooctadecane were mixed in
chloroform anhydrous in a round bottom flask. An excess of Triethylamine is adding at the end of the
mixture. The mixture was heated with reflux overnight. After cooling to room temperature, the reaction
was extracted with Chloroform, keeping the organic layer who was dried over MgSO4 anhydrous; the
drying agent is filtrated, obtaining an organic layer. The solvent was removed in a rotator evaporator.
Obtaining a yellowish compound.

Scheme 2. Synthesis of Octadecyl-pyridin-4-yl-amine

17

2.1.4

Synthesis of N-Octadecyl-Pyridin-4-yl-Isonicotinamide.

An equivalent of Ocatedecyl-pyridine-4-yl-amine and an equivalent of Isonicotinic chloride were
dissolved in Chloroform anhydrous in a round bottom flask; a 3 equivalent of Triethylamine is added to
the mixture. Let the reaction in a stirring procedure overnight.

Scheme 3. Synthesis of N-Octadecyl-N-pyridin-4-yl-isonicotinamide

18

The 1H spectrometric analysis of the lipid surfactant where done with deuterated chloroform in a
300MHz NMR instrument. In the 1H analysis, The triplet at 0.710 ppm, corresponds to the last methyl
group from the lipid chain, The signal at 1.43 ppm corresponding to the protons of the aliphatic chain
with exception of the last carbon, the triplet that is at 4.67 ppm corresponds to the ethyl next to the
secondary amines. The last four signals corresponds to the protons that are placed in the surfactant
head.

Figure 2.1 1H NMR of N-Octadecyl-N-pyridin-4-yl-isonicotinamide

19

2.1.4.1 Synthesis of Amphiphilic Coordination Complex
Due to its ability to form a bridge between metal centers, the design of a new discrete and
extended metal-organic network has become an intense research area, its potential to generate metal
complexes with lipid components have been shown to self-organize into liquid crystalline phases.

Cationic Lipid Coordination Polymer

Figure. 2.2 Cationic Lipid Coordination polymer extended metal-organic network.

20

Recently, metal complexes with lipid components have been shown to self-organize into liquid
crystalline phases via inter-digitated interactions of the lipid groups. Dipyridyl ligand that compromise
lipid components that orient themselves perpendicularly to the metal-coorrdinating groups and facilitate
the formation of large metal-organic supramolecular structures in water.

Figure. 2.3: Determining the size of the polymerization increasing or decreasing the concentration of
the capping agent (pyridine).

21

2.1.4.2 Dynamic Light Scattering

Dynamic Light Scattering (DLS) it is a technique that is used to determine the size distribution of
polymers in solution or particles in suspension. A laser is used to excite the particles in the vessel.
Once it hit the particles in suspension the laser would scatter the wave length depending on the size of
the particles, and finally the data is collected in the instrument. Using Dynamic Light Scattering, we can
control the size of the coordination polymer using a capping agent, in this case pyridine. We are going to
measure the size of the coordination polymer as a function of pyridine.

Figure 2.4: Dynamic Light Scattering showing a particle’s average of 92 nm.
2.1.4.3 AFM
Atomic Force Microscopy images of the liposomes deposited over mica were obtained for the
same complex N-Octadecyl-N-pyridin-4-yl-isonicotinamide with Silver (I) in liquid. A small amount of
22

unextruded sample (5ul) was aliquoted on cleaved mica substrate. For measurement performed in liquid,
the sample was allowed only sufficient time to adhere to the surface without drying before the liquid cell
was filled with water. Imaging the compound led to liposomes with a size of 9nm,. (Figure 2.5).
Figure 2.5: AFM image of N-Octadecyl-N-Pyridin-4-yl-Isonicotinamide with Silver (I)

2.1.4.4 Computer Modeling.

23

We built a computer model considering the MW and diameter of the nano-assemblies, with this
result. The hydrophobic lipids are aggregated inside the particle and the cationic silver ions are on the
surface.

Figure 2.6: Computer Model of image of N-Octadecyl-N-pyridin-4-yl-isonicotinamide with Silver (I)
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2.2 Ligand Design of Mononuclear Silver (I) Lipid Complex.

2.2.1 Synthesis of Mononuclear Silver(I) Complex

The Mononuclear Silver(I) Complex was prepared by adding 2 equivalent of Pentadecylamine
and 1 equivalent of Silver Trifalte were mixed with 30 ml of methanol anhydrous. The mixture was left
in stirring for 24 hours.
H

H
N

H

Ag+
OO S O
F
F
F

CH3OH 20 ml
Stirring

Silver Triflate

NH2

Scheme 4: Synthesis of Mononuclear Silver (I) complex
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Ag

N

H

2.2.2 Mass Spectrometry

Figure 2.7: Mass Spectrometry of Mononuclear Silver(I) Complex
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2.2.3 Liposome Coordination Amphiphile
Coordination amphipphiles are molecules designed to self-organize via coordination bonding
interactions into discrete molecular ensembles that range in size <10 nm in aprotic solvents. However,
we hypothesized that when these amphiphilic complexes are introduces into aqueous media, they will
undergo through a second-generation self-assembly event that will produce nanoscopic micelles,
liposomes, or lamellar structures with unprecedented levels of molecular complexity at their surface.
Since micellar structures are single layred spherical arrays of amphiphiles that range in between 3-9 nm.

Figure 2.8: Coordination Amphiphile of Mononuclear Silver (I) Complex
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Chapter 3: Synthesis and Characterization of the Quaternary Pyridinium
Surfactants

Cationic surfactantans active agents with antibacterial properties continue to play an important
role as sanitizing and antiseptic agents, as fungicides, germicides, and in cosmetic formulations. The
antiseptic section of quaternary pyridinium salts makes them important ingredients for cosmetic
products.49 They are added to aftershave lotions, shavings creams, skin creams, shampoos, and body
lotions. Pyridiniums salts also improve hair conditioning when added to Henna coloring composition.

Quaternary pyridinium salts are used as disinfectant for eating and drinking utensils and food
processing equipment. Their germicidal action has also been employed in dairy industry for sanitization
of milking machines.

Antimicrobial agents are one of the principal characteristics of these quaternary salts, there is
some surgical applications; they are used to sterilize surgical instruments and they could remove
congealed blood from them.

A medicinal use, is for controlling certain infections in our body,

Cetylpiridinium chloride is formulated in certain medicines such as griseofluvin tablets for rapid and
effective curing of ringworm

Another use for these particular salts is in the textile processing. Pyridinium salts are being
absorbed on the fibers of textile due to their positive charge on them and impart certain properties to
them. These kinds of salts could function as antistatic agents and are used as dry cleaning additives.
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3.1 Synthesis of 4-amino-decyl-pyridinium.
The material 4-aminopyridine,1-bromodecane, and the solvents used were purchased from Sigma
Aldrich.

The synthesis of 4-Amino-1-decyl-pyridinium; bromide was carried out by adding 1 equivalent
of 4-Aminopyridine and 0.7 equivalent of 1-Bromodecane in acetonitrile everything mixed in a round
bottom flask at room temperature. The reaction was left stirring for 24hrs. A white precipitate was
obtained.

Scheme 5. Synthesis of 4-Amino-1-decyl-pyridinium.
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3.1.1 1H NMR

Figure 3.1: 1H NMR of 4-amino-1-decyl-pyridinium
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3.1.2 Mass Sprectrometry

Mass Spectrometry is a technique that measures the mass of a molecule with respect to its
charge. The instrument used was the MALDI Bruker. The analysis shows a signal for 235.139m/z.

Figure 3.2: Mass spectrometry of 4-amino 1-decyl-pyridinium C15H27BrN2.
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3.2 Synthesis of 4-amino-dodecyl-pyridinium.

The material 4-aminopyridine,1-bromododecane, and the solvents used were purchased from
Sigma Aldrich.

The synthesis of 1-Dodecyl-pyridin-4-ylamine was carried out by adding 1 equivalent of 4Aminopyridine and 0.7 equivalent of 1-Bromododecane in acetonitrile everything mixed in a round
bottom flask at room temperature. The reaction was left stirring for 24hrs. A yellow precipitate was
obtained.

Scheme 6. Synthesis of 4-amino-dodecyl-pyridinium
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3.2.1 IR

Figure 3.3: IR of 4-amino-1-dodecyl-pyridinium
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3.2.2 Mass Spectrometry

Mass Spectrometry is a technique that measures the mass of a molecule with respect to
its charge. The instrument used was the MALDI Bruker. The analysis show a signal for 262.783m/z.

Figure 3.4: Mass spectra of 4-amino-1-dodecyl-pyridinium C17H31BrN2
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3.2.3 1H NMR

The spectra was recorded on a JOEL 600 MHz spectrometer at room temperature, the solvent
used was chloroform-d.

Figure 3.5: 1H NMR of 4-amino-1-dodecyl-pyridinium.
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3.2.4 X-Ray Crystallography

The precipitate obtained between 4-Aminopyridine and 1-Bromododecane prepared a mixture
with acetonitrile, at room temperature crystallized by itself, during the stirring reaction.

Figure 3.6: Crystal Structure of the Quaternary Pyridinium Salt of 4-amino-1-dodecyl-pyridinium
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3.3 Synthesis of 4-amino-hexadecyl-pyridinium.
The material. 4-aminopyridine,1-bromohexadecane, and the solvents used were purchased from
Sigma Aldrich.

The synthesis of 4-Amino-1-hexadecyl-pyridinium; bromide was carried out by adding 1
equivalent of 4-Aminopyridine and 0.7 equivalent of 1-Bromohexadecane in acetronitrile everything
mixed in a round bottom flask at room temperature. The reaction was left stirring for 24hrs. A white
precipitate was obtained.
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Scheme 7. Synthesis of 4-Amino-1-hexadecyl-pyridinium

3.3.1

1

H NMR
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Figure 3.7:

1

H Proton NMR of 4-Amino-1-hexadecyl-pyridinium

3.3.2 Mass Spectrometry
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Mass Spectrometry is a technique that measures the mass of a molecule with respect to its
charge. The instrument used was the MALDI Bruker. The analysis show a signal for 318.587m/z.

Figure 3.8: Mass Spectra of 4-Amino-1-hexadecyl-pyridinium C21H39BrN2
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Conclusion
Our research focused in the design and synthesis of amphiphilic molecules having a lipid
hydrophobic chain and a hydrophilic head which has a silver coordinated bond with aromatic Ncontaining heterocyclic compounds such as bipodal dipyridil molecules with a lipid component was
synthesized and characterized. Silver (I) coordination polymers with lipid groups were prepared and
their self-assembly properties were characterized.

They form single-molecules micelles in water.

Silver(I) amphiphilic molecules were prepared and their self-assembly in water studied. The Silver (I)
coordination polymers were prepared with 4-aminopyridine compounds as precursors to ionic-based
surfactants.

A family of quaternary 4-aminopyridinium lipid compounds were synthesized and characterized
with X-Ray crystallography. The pyridiniums micelles compounds may have applications on testing
antiparasitic properties; antileishmanial effect. We are prepared for test cell-toxicity against cancer cells
with accelerated lipid metabolism.
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Appendix
A.1 Crystal Data and Structure refinement.

Identification code

330ja_0ms

Empirical formula

C17 H31 Br N2

Formula weight

343.35

Temperature

296(2) K

Wavelength

0.71073 Å

Crystal system

Triclinic

Space group

P-1

Unit cell dimensions

a = 6.3635(3) Å

= 92.7830(10)°.

b = 7.4154(4) Å

= 93.0020(10)°.

c = 21.2870(10) Å

= 111.5490(10)°.

Å3

Volume

930.51(8)

Z

2

Density (calculated)

1.225 Mg/m3

Absorption coefficient

2.204 mm-1

F(000)

364

Crystal size

0.50 x 0.20 x 0.06 mm3

Theta range for data collection

0.96 to 27.00°.

Reflections collected

18636

Independent reflections

4069 [R(int) = 0.0244]

Completeness to theta = 27.00°

100.0 %

Final R indices [I>2sigma(I)]

R1 = 0.0229, wR2 = 0.0736
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Table 3. Bond lengths [Å] and angles [°] for 330JA_0mS.
_____________________________________________________
N(1)-C(5)

1.354(2)

N(1)-C(1)

1.356(2)

N(1)-C(6)

1.477(2)

N(2)-C(3)

1.335(2)

N(2)-H(1N)

0.74(3)

N(2)-H(2N)

0.88(2)

C(1)-C(2)

1.353(3)

C(2)-C(3)

1.413(2)

C(3)-C(4)

1.414(2)

C(4)-C(5)

1.351(3)

C(6)-C(7)

1.520(3)

C(7)-C(8)

1.517(3)

C(8)-C(9)

1.519(3)

C(9)-C(10)

1.515(3)

C(10)-C(11)

1.524(3)

C(11)-C(12)

1.525(3)

C(12)-C(13)

1.513(3)

C(13)-C(14)

1.517(3)

C(14)-C(15)

1.518(3)

C(15)-C(16)

1.512(3)

C(16)-C(17)

1.506(4)

C(3)-N(2)-H(1N)

117.0(19)

C(3)-N(2)-H(2N)

119.5(14)

H(1N)-N(2)-H(2N)

121(2)

N(2)-C(3)-C(2)

121.60(16)

N(2)-C(3)-C(4)

122.04(16)

N(1)-C(6)-C(7)

112.31(15)

C(8)-C(7)-C(6)

114.48(16)

C(7)-C(8)-C(9)

112.99(16)

C(10)-C(9)-C(8)

113.74(16)

C(9)-C(10)-C(11)

113.44(17)

C(10)-C(11)-C(12)

113.56(17)

C(13)-C(12)-C(11)

113.76(17)

C(12)-C(13)-C(14)

113.97(18)

43

C(13)-C(14)-C(15)

114.85(19)

C(16)-C(15)-C(14)

113.4(2)

C(17)-C(16)-C(15)

114.2(3)

Table 6. Torsion angles [°] for 330JA_0mS.
________________________________________________________________
N(2)-C(3)-C(4)-C(5)

178.91(15)

N(1)-C(6)-C(7)-C(8)

-71.2(2)

C(6)-C(7)-C(8)-C(9)

-177.62(17)

C(7)-C(8)-C(9)-C(10)

176.41(18)

C(8)-C(9)-C(10)-C(11)

179.16(19)

C(9)-C(10)-C(11)-C(12)

179.06(19)

C(10)-C(11)-C(12)-C(13)

-179.9(2)

C(11)-C(12)-C(13)-C(14)

-179.7(2)

C(12)-C(13)-C(14)-C(15)

-179.5(2)

C(13)-C(14)-C(15)-C(16)

-178.4(2)

C(14)-C(15)-C(16)-C(17)

179.8(3)

Table 7. Hydrogen bonds for 330JA_0mS [Å and °].
____________________________________________________________________________
D-H...A

d(D-H)

d(H...A)

d(D...A)

<(DHA)

____________________________________________________________________________
N(2)-H(2N)...Br(1)#1

0.88(2)

2.62(2)

3.4586(17)

160.9(18)

N(2)-H(1N)...Br(1)#2

0.74(3)

2.78(3)

3.5053(18)

165(2)

____________________________________________________________________________
Symmetry transformations used to generate equivalent atoms:

#1 -x+2,-y,-z+2
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#2 -x+1,-y,-z+2
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